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Main text

Historically, the designation of “Pleomorphic xanthoas-
trocytoma” (PXA) arose when a glial nature was ascribed
to mostly superficial lesions with frequent leptomenin-
geal involvement and morphologic features considered to
belong to a spectrum of “monstrocellular sarcomas” and
Glioblastomas that nevertheless showed indolent behav-
ior [1]. Although strikingly bizarre cells were consistently
present in these lesions, the lack of necrosis and micro-
vascular proliferation set this group of lesions apart from
bona fide Glioblastomas. Conversely, although the pres-
ence of lipidized cells in the central nervous system was
frequently considered to include xanthomas in the dif-
ferential diagnosis, the discovery of glial fibrillary acidic
protein (GFAP) as a marker of glial lineage was para-
mount to establish the true nature of PXA. Further stud-
ies with electron microscopy also provided a rationale for
the frequent reticulin deposition around individual cells
by showing basement membrane material around neo-
plastic cells, a feature not only seen in mesenchymal line-
age cells but also in a subset of subpial astrocytes [1]. This
constellation of findings led to the recognition of PXA
as a distinct entity since the 1993 WHO Classification of
Brain Tumors [2].
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Besides the recognition of indolent PXA cases, a sub-
set of mitotically active PXA was recognized to be clini-
cally aggressive. Apart from a higher mitotic index, such
cases displayed more uniform cells with epithelioid fea-
tures, loss of reticulin staining around individual cells,
and rare or even absent eosinophilic granular bodies [3].
This prompted a morphological overlap with a rare Glio-
blastoma variant first described by Rosenblum et al. in
1993, so-called “Lipid-rich epithelioid glioblastoma” [4].
Critically, not only a morphologic but also a clinical over-
lap was noted, with both types behaving in an aggressive
fashion, with intermediate prognosis between the proto-
typical Glioblastoma and PXA with anaplastic features.

Recently, most molecular studies including cases of
PXA and Epithelioid glioblastomas underscore this over-
lap between two seemingly identical entities on morpho-
logical grounds alone [5, 6]. Most importantly, not only
the so-called “Epithelioid glioblastomas” show morpho-
logical overlap with PXA, but also tumors with features
of otherwise conventional Glioblastomas, Astroblas-
tomas [7], Gangliogliomas, non-specific low grade dif-
fuse gliomas and even spindle-cell or embryonal-like
[8] lesions have been assigned to the methylation class
PXA [9]. Besides the epigenomic similarity, these pheno-
typically highly variable tumors also demonstrate a copy
number variation profile and mutational signatures most
consistent with PXA (high frequency of CDKN2A/B
homozygous deletion and most often BRAF V600E but
also other MAPK activating alterations) [9].
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In a recent paper by Ebrahimi et al. published in this
journal, the authors discussed the challenges associated
with the diagnosis and grading of PXA using morpho-
logic and molecular criteria, especially including meth-
ylation profiling [10]. Their investigation of histologically
defined PXA (histPXA) and PXA defined by DNA meth-
ylation analysis (mcPXA) highlights the wide spectrum of
morphological patterns that fall under mcPXA and fur-
ther explores its distinction from aggressive entities with
similar morphology, such as Glioblastoma, IDH-wildtype
(GBM, IDH-wt) using methylation profiling studies.

Astonishingly, only around one third of epigenetically
defined PXA had the classic morphology associated
with this entity. This implies that, using the current CNS
WHO definition, more than half of PXA cases would be
missed by a lack of histopathological consideration of this
differential diagnosis. In addition, more than half of hist-
PXA cases did not fall into the mcPXA, reinforcing sev-
eral other tumor entities may show PXA-like histological
features [10].

Taking such robust data into consideration with pre-
vious challenges we encountered in our practice, we
propose a systematic recognition of histologically and
molecularly defined PXA cases and its morphologic vari-
ants, hoping to reduce pitfalls related to ancillary testing
and final integrated report (Table 1 and Fig. 1).

This broad morphological spectrum highlights use-
ful criteria to guide pathologists in the consideration
of PXA as a differential diagnosis whenever facing a
tumor with morphological patterns diverse than first
appreciated by Kepes et al. in 1973.We stress the major

Table 1 Proposed morphological variants of PXA
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ABM-like GBM-like
GG-like eGBM-like

Classic PXA

Spindle cell pattern Embryonal-like

mcPXA
Fig. 1 Morphological spectrum of epigenetically defined PXA
(mcPXA)

role of methylation profiling and CNV analysis in pre-
cisely classifying gliomas with concomitant activating
MAPK alterations/ CDKN2A/B deletion in the setting
of a neoplasm without classic PXA morphology, hoping
to improve consistency in the diagnosis as a means to
ensure proper diagnostic workup and treatment of such
lesions.

Whether DNA methylation, other molecular tech-
niques or histopathology should be the cornerstone for
tumor classification is a matter of ongoing discussion.
Specific molecular alterations have already been used
to define CNS tumor entities, which are included in
the new WHO blue book. For diffuse gliomas located
in midline sites, the H3-3A K27M mutation establishes

Morphological pattern Histological description

Differential diagnosis

Classic

Variably pleomorphic cells with eosinophilic cytoplasm,

Ganglioglioma, Pilocytic astrocytoma, Giant cell GBM

areas of spindling and fascicular growth, and at least focal

lipidized neoplastic cells with EGBs
Ganglioglioma-like
ferentiation and EGBs
Glioblastoma-like

Compact and fasciculated tumor with ganglion cell dif-

Features resembling conventional glioblastoma, including

Ganglioglioma and other low-grade glial neoplasms with
ganglion cell differentiation

Conventional GBM IDH-wt and HGG IDH/H3-wt

mitotically active tumor with pseudopalisading necrosis

and microvascular proliferation
Epithelioid glioblastoma-like

solid pattern
Astroblastoma-like

Predominantly epithelioid cells with distinct cell borders
and round nuclei with prominent nucleoli arranged in a

Astroblastic rosettes might be found at least focally in

GBM IDH-wt and HGG IDH/H3-wt with epithelioid features:
non-flat copy-number profile, including gene amplifications
(CDK4, CDK6, EGFR, MDM2, MDM4, MET)

Astroblastoma (ABM): presence of MNT alterations

tumors with areas of classic PXA and absence of MNT

fusions

Spindle cell
specimen

Embryonal-like

(SMARCB1) loss

Spindle cell pattern in the majority or entirety of the

Monomorphic undifferentiated and/or rhabdoid cells
reminiscent of true embryonal neoplasms, including INI-1

Meningothelial and mesenchymal, non-meningothelial
neoplasms

Atypical teratoid/rhabdoid tumor and other Embryonal
tumors
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the diagnosis of diffuse midline glioma, H3 K27-altered,
irrespective of tumor morphology. The H3-3A4 G34R/V
mutations in supratentorial infiltrating gliomas define
a Diffuse hemispheric glioma, H3 G34-mutant, with a
broad morphological spectrum, ranging from glioblas-
toma-like to embryonal-like. Taking these tumor types
as examples, it seems to be reasonable to use a genome-
wide methylation profile to improve our understand-
ing of PXA, expanding its possible histopathological
presentations. On the other hand, from the clinicians’
perspective, it may be tempting to shift to a model of
classification that considers only the molecular altera-
tions, but this approach may be misleading, because
finding a single genetic alteration, out of the context of
a specific tumor entity, may not be predictive of treat-
ment response for every patient.

For example, BRAF V600E can be found in supraten-
torial Pilocytic astrocytoma (PA), Ganglioglioma
(GG), Pleomorphic xanthoastrocytoma (PXA), some
cases of High grade astrocytoma with piloid features
(HGAP) and true Glioblastoma, IDH-wildtype (GBM),
the latter both with and without epithelioid morphol-
ogy. This shared mutation does not mean they will
respond equally to anti-BRAF therapies, probably due
to the additional molecular alterations they possess.
While PA and GG usually have only a MAPK altera-
tion, PXA commonly show a MAPK alteration together
with CDKN2A/B loss, HGAP is a combination of
MAPK, CDKN2A/B loss and a telomere maintenance
mechanism (usually through ATRX mutation but also
rare TERT promoter mutations) and GBM frequently
shows the +7/— 10 signature and oncogene amplifica-
tions. This constellation of genetic alterations usually
demands more than a single and simple molecular test
to be found, so the whole landscape of the tumor biol-
ogy may not be fully appreciated at the time of diagno-
sis, leading to unexpected clinical outcomes and tumor
responses.

In our point of view, the best diagnostic approach is
still the integrated diagnosis method proposed since
the Haarlem consensus, published in 2014 and adopted
by WHO classification in 2016 and 2021. The inte-
grated diagnosis, as its name implies, incorporates all
available data, from morphology to immunohisto-
chemistry, genetics and epigenetics, in order to reach
a more accurate classification. It has the potential for
a precise diagnosis, appropriate treatment choice
and patient selection for targeted therapies and clini-
cal trial enrollment. In summary, the growing knowl-
edge of the molecular aspects of the CNS neoplasms
need to be used not in substitution of morphology, but
in a complementary fashion, sometimes conducting
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pathologists to reassess and improve our histopatho-
logical evaluation and tumor classification.

Abbreviations

PXA: Pleomorphic xanthoastrocytoma; GFAP: Glial fibrillary acidic protein;
histPXA: Pleomorphic xanthoastrocytoma, histologically defined; mcPXA:
Methylation class Pleomorphic xanthoastrocytoma; GBM, IDH-wt: Glioblas-
toma, isocitrate dehydrogenase-wildtype; MAPK: Mitogen-activated protein
kinase; PA: Pilocytic astrocytoma; GG: Ganglioglioma; HGAP: High grade
astrocytoma with piloid features.

Author contributions

Mr. JVA de C drafted the manuscript, organized Table 1 and drew Fig. 1. Mr.
FD'AC conceptualized the work, reviewed the manuscript for important
intellectual content, and refined descriptions when necessary. All authors
approved the final version of the manuscript.

Funding
No funding was provided.

Availability of data and materials
No data was generated.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
All authors have declare that they have no competing interests.

Received: 9 April 2022 Accepted: 27 May 2022
Published online: 07 June 2022

References

1. Kepes JJ, Rubinstein LJ, Eng LF (1979) Pleomorphic xanthoastrocytoma:
a distinctive meningocerebral glioma of young subjects with relatively
favorable prognosis a study of 12 cases. Cancer 44:1839-1852

2. Kleihues P, Burger PC, Scheithauer BW (1993) The new WHO classifica-
tion of brain tumours. Brain Pathol 3:255-268

3. Bayindir C, Balak N, Karasu A, Kasaroglu D (1997) Anaplastic pleomor-
phic xanthoastrocytoma. Child's Nerv Syst 13:50-56

4. Rosenblum MK, Erlandson RA, Budzilovich GN (1991) The lipid-rich
epithelioid glioblastorna. Am J Surg Pathol 15:925-934

5. Alexandrescu S, Korshunov A, Lai SH, Dabiri S, Patil S, Li R et al (2016)
Epithelioid glioblastomas and anaplastic epithelioid pleomorphic
xanthoastrocytomas—same entity or first cousins? Brain Pathol
26:215-223

6. Korshunov A, Chavez L, Sharma T, Ryzhova M, Schrimpf D, Stichel
D et al (2018) Epithelioid glioblastomas stratify into established
diagnostic subsets upon integrated molecular analysis. Brain Pathol
28:656-662

7. Boisseau W, Euskirchen P, Mokhtari K, Dehais C, Touat M, Hoang-Xuan
Ketal (2019) Molecular profiling reclassifies adult astroblastoma into
known and clinically distinct tumor entities with frequent mitogen-
activated protein kinase pathway alterations. Oncol 24:1584-1592

8. Thomas C, Federico A, Sill M, Bens S, Oyen F, Nemes K et al (2021)
Atypical teratoid/rhabdoid tumor (AT/RT) with molecular features of
pleomorphic xanthoastrocytoma. Am J Surg Pathol 45:1228-1234

9. Capper D, Stichel D, Sahm F, Jones DTW, Schrimpf D, Sill M et al (2018)
Practical implementation of DNA methylation and copy-number-based
CNS tumor diagnostics: the Heidelberg experience. Acta Neuropathol
136:181-210



Alves de Castro and D'Almeida Costa Acta Neuropathologica Communications (2022) 10:85 Page 4 of 4

10. Ebrahimi A, Korshunov A, Reifenberger G, Capper D, Felsberg J, Trisolini
E et al (2022) Pleomorphic xanthoastrocytoma is a heterogeneous
entity with pTERT mutations prognosticating shorter survival. Acta
Neuropathologica Commun 10:5

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Pleomorphic xanthoastrocytoma in the multiverse of epigenomics: is it time to recognize the variants?
	Main text
	References




